Abstract. In the paper, the authors establish some new Hermite-Hadamard type inequalities for functions whose first derivatives are of convexity and apply these inequalities to construct inequalities of special means.
Introduction
In [5] , the following Hermite-Hadamard type inequalities for differentiable convex functions were proved. In [9] , the above inequalities were generalized as follows. In [8] , the above inequalities were further generalized as follows. In [6] , an inequality similar to the above ones was given as follows. 
where 1 p + 1 q = 1 and p > 1. Recently, the following inequalities were obtained in [10, 11] .
Theorem 1.6 ([10]
). Let I ⊆ R be an open interval, with a, b ∈ I and a < b, and let f : I → R be twice diferentiable mapping such that
(1.8)
holds for all x, y ∈ I, α, β ∈ [0, 1] with α + β = 1, and some fixed s ∈ (0, 1].
In [1] , some inequalities of Hermite-Hadamard type for s-convex functions were established as follows. 
, where a, b ∈ I with a < b.
(
where p is the conjugate of q, that is,
In this paper we will establish some new Hermite-Hadamard type integral inequalities for functions whose first derivatives are of convexity and apply them to derive some inequalities of special means.
Lemmas
For establishing our new integral inequalities of Hermite-Hadamard type, we need the following lemmas.
Lemma 2.1. Let I be an interval and f : I → R be differentiable on I
• , with a, b ∈ I and a < b,
Proof. Integrating by part and changing variable of definite integral give
The proof is complete.
From Lemma 2.1 we can derive the following identity.
Proof. Replacing λ and µ respectively by 
Changing variables of definite integral results in
Substituting (2.4) and (2.5) into (2.3) leads to
which is equivalent to (2.2). Lemma 2.2 is proved. 
In particular, we have
New integral inequalities of Hermite-Hadamard type
Now we are in a position to establish some new integral inequalities of Hermite-Hadamard type for functions whose derivatives are of convexity.
Proof. By Lemma 2.1 and the convexity of |f
Substituting equations
into the above inequality leads to (3.1). The proof of Theorem 3.1 is complete.
Proof. By Lemma 2.1, the convexity of |f
, and Hölder's integral inequality, we have
Furthermore, a straightforward computation gives
Substituting the equations from (3.4) to (3.7) into (3.3) results in the inequality (3.1). The proof of Theorem 3.2 is complete.
and
Proof. This follows from Theorem 3.1 and setting p = 1 and p = q in Theorem 3.2.
Proof. This follows from letting λ = 1 − µ = ℓ m in Theorem 3.2. Corollary 3.2.3. Let f : I ⊆ R → R be a differentiable function on I
• , a, b ∈ I with a < b, m > 0 and m ≥ 2ℓ ≥ 0, and
Proof. This follows from setting λ = 1 − µ = ℓ m in Corollary 3.2.1.
Proof. These follow from letting (m, ℓ) = (1, 0), (2, 1), (3, 1), (4, 1), (5, 1), (5, 2), and (6, 1) in Corollary 3.2.2, respectively.
Proof. These inequalities follow from letting (m, ℓ) = (1, 0), (2, 1), (3, 1), (4, 1), (5, 1), (5, 2), and (6, 1) in (3.12), respectively.
Corollary 3.2.6. Let f : I ⊆ R → R be a differentiable function on I • , a, b ∈ I with a < b, and
Proof. This follows from letting (m, ℓ) = (1, 0), (2, 1), (3, 1), (4, 1), (5, 1), (5, 2) , and (6, 1) in (3.11), respectively.
Corollary 3.2.7. Let f : I ⊆ R → R be a differentiable function on I • , a, b ∈ I with a < b, and
Proof. These inequalities follow from letting q = 1 in Corollary 3.2.6.
Applications to special means
For two positive numbers a > 0 and b > 0, define
and (1) If either s > 1 and (s − 1)q ≥ 1 or s < 1 and s = 0, then
Proof. Set f (x) = x s for x > 0 and s = 0, 1. Then it is easy to obtain that
Hence, when s > 1 and (s − 1)q ≥ 1, or when s < 1 and s = 0, the function |f (1) If either s > 1 and (s − 1)q ≥ 1 or s < 1 and s = 0, then Proof. This follows from taking f (x) = ln x for x > 0 in Corollary 3.2.2.
By the similar argument to Theorem 4.3, we can obtain the following inequalities. Remark 4.1. Some inequalities of Hermite-Hadamard type were also obtained in [2, 3, 4, 7, 12, 13, 14, 15, 16, 17, 18, 19, 20] by the authors.
